United States Patent [
Umeda

(54 LENS SYSTEM
[75] Inventor: Hiromu Umeda, Sakai, Japan
[73] Assignee: Minolta Camera Kabushiki Kaisha,

Osaka, Japan
[21] Appl. No.: 573,874
[22] Filed: Aug. 28, 1990
[30] Foreign Application Priority Data
Aug. 28, 1989 [JP]  JADAN woooooooooooeoeooo 1-221299
[51] Int. CLS ... GO02B 27/64; GO2B 15/14
[52] US.CL ....oeveevvvreennee... 359/554; 359/557:
359/686
[58] Field of Search ................................ 350/500-501,

350/423, 427, 432; 359/554-557, 683-693, 642,
| 676, 739, 740

[56] References Cited

A O 00

US005249079A
(11} Patent Number: 5,249,079

(451 Date of Patent: Sep. 28, 1993

5,039,211 8/1991 Haruyama ..., 359/557
FOREIGN PATENT DOCUMENTS
21133 5/1981 JaPAN ceovoveeeereeeereererere, 359/557
57-7414 2/1982 Japan . |
40804 971987 JAPAN woovevveverererressrsrsssenns 359/557

201623 8/1988 Japan .
201624 8/1988 Japan .
116619 5/1989 Japan .
189621 7/1989 Japan .
191112 8/1989 Japan .

Primary Examiner—Bruce Y. Arnold
Assistant Examiner—Thong Nguyen
Attorney, Agent, or Firm—Price, Gess & Ubell

[57] ABSTRACT

A lens system comprises a plurality of lens elements,
including a deflecting lens group, to stabilize a blurred

image at a focal plane. The deflecting lens group moves
. slightly in a circular orbit around a predetermined cen-
U.S. PATENT DOCUMENTS tral point on an optical axis of the lens system, resulting
3,884,548 5/1975 Linder .ovvieeiiveeereeneennrnn. 359/555 In the deflecting lens group being decentered in a direc-
3,953,106  4/1976 Furukawa et al. .................. 359/537  tion perpendicular to the optical axis of the lens system
:’gg}'gg? lgﬁggg ga‘:ladg;:}:t e::l AL s ggg;ggg and at the same time an optical axis of the deflecting lens
4,998,809 3/1991 TSuji et al .o 359/557 ~ 8roup being inchined relative to the optical axis of the
5,000,549 3/1991 Yamazaki ..o, 3507500  lEDS SYstem.
5,000,551 3/1991 Shibayama .....ccocoeverererennn., . 350/427
5,018,845 5/1991 Yamazaki .oococevevrreecnennnne. 350/500 5 Claims, 2 Drawing Sheets
r r3
r2
re rg Mo nzns/ ng rep
\/ "7\™ (113 //796 | g
- \ / M (M7 / /1o
\ s ;
| d10 ’ d20 C
“ s l'ﬂ
ds - ! | d21 e
““ . gj \ N
d12 i Q‘S_I l_d19
g8 dn _ L3 """"""""
L2 £
I
e e e
L
Tele

Wide




5,249,079

Sheet 1 of 2

Sep. 2_8,‘, 1993

U.S. Patent

9PIM

919

¢

:U 8P|

-9

/ @.




- U.S. Patent Sep. 28, 1993 Sheet 2 of 2 5,249,079

Fig. 2

/1 AY lmage height
15 (+)
\

— ' +




),249,079

1
LENS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lens system, partic-
ularly to such system having a function to stabilize a
blurred image when a camera is handheld during low
shutter speeds and used in low light levels.

2. Description of the Related Art

In conventional photography, the quality of photo-

graphs was often deteriorated mainly because of out of

focus and camera-shake.

" Recently, an auto-focus mechanism has been em-
ployed in a camera. In addition, the auto-focus mecha-
nism performs to a high degree of accuracy. Therefore,

the problem caused by out Of focus has been almost
solved.

On the other hand the problem caused by camera-
shake has not been solved.

One reason is that the magnification or the telephoto
ratio of a lens system is becoming higher and hlgher
resulting that an influence of camera-shake on an image
becomes great.

In addition, a camera equipped with a zoom lens
system has taken the place of a camera equlpped with a
single focal length lens system, resulting in the size and
weight of a camera becoming large and heavy. It is
difficult for a user to support such a large and heavy
camera, which causes camera-shake.

Relating to camera-shake, various deﬂectlng lens
systems to stabilize a blurred image by moving a partlc-
ular lens portion of the image forming lens system in a
perpendicular direction relative to an-optical axis have
been suggested in Japanese laid open Pat. Nos.
63-115126, 63-133119, 63-229425, 63-201622, 63-169614,
50-137555, 63-201624 and 1-116619, and U.S. Pat. No.
4,907,868.

In addition, a mechanism for moving the deflecting
lens portion, which comprlses, for example an accelera-
tion sensor and an actuator, is shown in Japanese laid
open Pat. No. 62-47011.

- However, these related arts disclose only deflecting
lens systems to stabilize a blurred image in a single focal
length lens system.

In using a deflecting lens group stabilizing the blurred
image in the zoom lens system, aberrations (asymmetry
of curvature of field and paraxial coma aberration)
‘based on decentering of the deflecting lens group must
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be decreased over the zooming range. However, even if 50

the deflecting lens system described in the related art is
‘employed in the zoom lens system, it is very difficult to
effectively reduce the aberration over the zooming
range.

On the other hand, if a deflecting lens group to stabi-
lize the blurred image is employed in a zoom lens sys-
‘tem, 1t 1S desirable to correct aberration caused in the
deflecting lens group by the deflecting lens group itself,
This means that the number of the lens elements com-
posing the deflecting lens group will be increased, re-
sulting 1n that the entire size of the zoom lens system

and a mechanism for moving the deflecting lens group

will be enlarged.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a lens
system which comprises a small number of lens ele-
ments with little aberration irrespective of employment
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of a deflecting lens system for stabilizing a blurred im-
age.

An another object of the present invention is to pro-
vide a zoom lens system which comprises a small num-
ber of lens elements with only a little aberration over
the zooming range irrespective of employment of a
deflecting lens group for stabilizing a blurred image.

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended claims. The present invention, together with
further objects and advantages thereof, may best be
understood by reference to the following description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross sectional view of a lens system
according to an embodiment of the present invention;

FIG. 2 1s a graphic representation of curvature of the
field of the embodiment;

FIG. 3 shows a performance of a deflecting lens
group for stabilizing a blurred image, relating to a par-
axial coma aberration in the embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows an arrangement of one embodiment

constructed according to the invention. A zoom lens

system shown in FIG. 1 comprises, from an object-side
to an 1mage-side, a first lens unit L having a positive
refracting power, a second lens unit L; having a nega-
tive refracting power, a third lens unit L3 having a
positive refracting power, and the fourth lens unit Lg4
having a positive refracting power. A diaphragm E is
disposed in the third lens unit Lj. |

At least one lens element of the third lens unit dis-
posed at the image-side relative to the diaphragm E is
designed as a deflecting lens group to stabilize a blurred
image caused by camera-shake. The deflecting lens

‘group moves slightly in a circular orbit round a prede-

termined central point on an optical axis of the lens
system.

The zoom lens system fulfills the following condition:

0.2< |x/fr| <3.5 (1)

6< [T4/Fa| <32 (2)
wherein
X represents a distance between an apex of an object-
side surface of the deflecting lens group and the
central point for a movement of the deflecting lens
group,
frrepresents a focal length of the zoom lens system at
a longest focal length condition,
f4 represents a focal length of the deflecting lens
group, and
Fn represents a f-number at the longest focal length
condition,
If the blurred image is stabilized by moving the image
deflecting lens group in a perpendicular direction rela-

. tive to an optical axis of the lens system (hereinafter,

referred to as ““parallel decentering™) as proposed in the
prior arts, aberration inevitably increases.

On the other hand, according to the embodiment of
the present invention, the blurred image is stabilized
both by slanting the optical axis of the deflecting lens
group relative to the optical axis of the lens system
(hereinafter, referred to as “slant decentering”) and by
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“parallel decentering”. In this way, aberration is kept
well balanced.

Performing “parallel decentering” and ‘‘slant decent-
ering”’ at the same time, as proposed in the present
invention, is approximately equivalent to a slight move-
ment of the deflecting lens group in a circular orbit
round a predetermined central point on an optical axis.

‘The condition (1) 1s for defining a balance of a ‘‘slant
decentering” amount relative to a “‘paraliel decenter-
ing”’ amount of the deflecting lens group. If the distance

X 1s too long or too short, an appropriate *‘slant decent-
ering” amount can not be obtained, and therefore the
aberration due to the “parallel decentering” can not be

adequately corrected.

In other words, the condition (1) is directed to a
standardization of the distance x by the longest focal
length of the entire zoom lens system. Accordingly, if
the upper limit of the condition (1) is exceeded, the
aberration due to the “parallel decentering” is not ade-
quately corrected. On the contrary, if the lower limit is

exceeded, the correction of the aberration is excessively
performed.

On the other hand, if the f-number Fx becomes
larger, the permissible range for a deteriorating image is
enlarged. An image deterioration amount is changed in
response to the focal length of the deflecting lens group.
The condition (2) sets a desirable range of the f-number
F at the longest focal length condition with respect to
the focal length {4 of the deflecting lens group.

If the lower limit of the condition (2) is exceeded, a
shifting amount of the image by performing “parallel
and slant decentering” becomes large relative to the
decentering amount of the deflecting lens group and
therefore the precision of the decentering amount of the
deflecting lens group is strictly required. In addition, a
large f-number is not suitable for a zoom lens system in
- view of marketability.

On the contrary, if the upper limit of the condition (2)
1s exceeded, a shifting amount of the image by perform-
ing “parallel and slant decentering” becomes slight
relative to the decentering amount of the deflecting lens
group and therefore the large decentering amount of
the deflecting lens group is required for realizing a
predetermined shifting amount of the image. In addi-
tion, the f-number becomes small so that the permissible
range for the amount of a deteriorating image caused by
the deflecting lens group is narrowed.

It 1s desirable to dispose the deflecting lens group in
the third lens unit L3 for the reason to be subsequently
described. A deterioration of aberration due to stabiliz-
ing the blurred image is required to be small. It is there-
fore desirable to dispose the deflecting lens group at a
position where a height of incidence and an angle of
incidence do not change significantly dunng the zoom-
ing operation. Further, if a lens disposed at a place
where a principal ray of the off-axial light intersects
with an optical axis of the zoom lens system is utilized as
the deflecting lens group, a deterioration of aberration
due to the decentering of the deflecting lens group
becomes small.

For the reason described above, in the present em-
bodiment, at least one lens element disposed at the im-
age-side relative to the diaphragm E in the third lens
unit is utilized as the deflecting lens group for stabilizing
the blurred image. It is further desired that a lens ele-
ment, for example, G8 in the present embodiment in the
vicinity of the diaphragm E is used as the deflecting lens

group.
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The present embodiment further satisfies the follow-
ing condition:
0.2< |fa/f7] <1 (3)
Generally, a shifting amount of an image by perform-
ing “parailel and:slant decentering” is changed in re-
sponse to a focal length f4 of the deflecting lens group.
In the case where the focal length {4 satisfies the condi-
tion (3), the shifting amount of the image relative to the
decentering amount of the deflecting lens group is suit-

able.
If the lower limit of the condition (3) i1s exceeded, the

shifting amount of the image becomes large relative to
the decentering amount of the deflecting lens group and
therefore the precision of the decentering amount of the
deflecting lens group is strictly required.
On the contrary, if the upper limit of the condition (3)
1s exceeded, the shifting amount of the image becomes
slight, and therefore a large decentering amount of the
deflecting lens group is required for shifting the image
by a predetermined amount. In addition, deterioration
of aberration occurs at the shortest focal length condi-
tion.
The lens units L1-L4 of FIG. 1 are designed to shift
along with the optical axis from the longest focal length
condition Tele to the shortest focal length condition
Wide as indicated by respective arrows.
Next, the description will be given on an asymmetry
of curvature of field and an axial comatic aberration
generated when the lens element G8 of the third lens
unit L3 1n FIG. 1 1s eccentrically moved as the deflect-
ing lens group. If the decentering of the lens element G8
iIs not performed, curvature of field is symmetric be-
tween the image heights (4) and (—). This means that
an asymmetry of curvature of field is not generated. In
FIG. 2, a curved solid line J represents a designed value
(that 1s, in a case of an asymmetry equal to zero). Table
1 shows designed values of curvature of field at respec-
tive image heights on a tangential image surface T and
a sagittal image surface S. The signs thereon are defined
as follows. If the image surface at the image height (4)
stde exists at minus side, that is, left side in FIG. 2,
relative to the designed value (the solid curved line J in
F1G. 2), the sign is set to be negative. On the contrary,
if the image surface at the image height (+) stde exists
at plus side relative to the designed value, the sign is set
to be positive.
Generally, if the decentering of the lens element G8 is
not performed, an axial coma aberration is zero. How-
ever, the decentering of the lens element G8 is per-
formed, the axial coma aberration occurs as shown in
F1G. 3.
Table 2 shows an asymmetry of curvature of field in
cases of using the following four methods for decenter-
ing the lens element G8 to obtain 0.27 mm of a shifting
amount of the image at the longest focal length condi-
tion. Table 3 shows the axial comatic aberrations in the
same cases.
method 1: only “parallel decentering” (“parallel de-
centering” amount is 0.2).

method 2: “parallel decentering” and appropriate
“slant decentering” ()y = 140), resulting in the aber-
rations well corrected.

method 3: *‘parallel decentering” and slight “slant

decentering” (x=480), resulting in a shortage of
correcting aberration.
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method 4: “parallel decentering” and large “slant
decentering” (x =24), resulting in an excess of cor-
recting aberration.

The asymmetry of curvature of field is represented by

difference A between the values at the i image heights

Y’'=15 on the dotted line K by which an image sur-
face is represented when the decentering of the lens
element G8 is performed. On the other hand, as shown
in FIG. 3, upper and lower points having the height of
incidence h(h= +15) are referred respectively as U and
L, and upper and lower points having the height h/V2
are defined respectively as Uj and L;. Each light pass-
ing through the points Uj and L reach the points Pjand
P> on an image surface B. The distances from the points
P1and P;to an optical axis OL are referred to as Hpand
Hj. The axial comatic aberration can be represented by

(Ha+Hb)/2- |

5

10

135

As mentioned above, a desired condition is that a |

deterioration of aberration is not found, in other words,

the asymmetry of curvature of field is not generated

even if the decentermg of the deflecting lens group.
This means, in Table 2, the absolute values of asymme-
try of curvature of field are required to be close to zero.
Comparing the absolute values between the methods 1
and 2 in Table 2, and the absolute values in Table 1 at
image height 15 mm, the absolute values of the method
2 as for the tangentlal image is quite smaller than those
“of the method 1 in Table 2 and also those of Table 1 as
for the sagittal image, the absolute values of the method
2 are larger than those of the method 1, however, not so
much larger than those of Table 1.

On the other hand, the absolute value Tele-T of the
method 1 is too large compared with that of Table 1.
This means only performing “parallel decentering” is
not enough to correct the deterioration of aberration.

With the same reason, the method 3 and 4 are not-

suitable for improving the aberrations.

Data will be described with respect to the embodi-
ment. In a table 4, f represents a focal length of the lens
- system, Fno represents an f-number, ry, 13, r3, . . . are
- radii of curvature with respective sub-number indicat-
ing the surfaces counted from the object-side to the
image-side along the optical axis, di, dj, d3, . . . repre-
sent the axial distances and include both air spaces and
actual thickness of lens elements along the optical axis,
Ni, Ny, N3, . . . represent the refractive indices of re-
spective lens elements and again, the sub-number refers
to the particular optical element counted from the ob-
ject-side to the image-side, and vy, vy, v3, . . . represent
Abbe numbers of respective lens elements substantially
counted from the object-side.

TABLE 1
Image
height T S T S
(mm) at Tele at Tele at Wide at Wide
4 - =0.022 —0.021 —0.039 ~ 0,027
8 —(.083 - Q.081 —0.124 —0.091
12 —0.093 —0.134 —{0.283 - (0,180
15 —0.077 —0.151 —0.462 ~0.244
18 -0.084 —0.137 - 0,528 -0.232
TABLE 2
Asymmetry of curvature of field
T | S T S
~at Tele at Tele - at Wide at Wide
Method ] 0.285 —(.084 0.235 —0.0473
—0.074 —0.168 —0.0194 —0.10
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- TABLE 2-continued

Asymmetry of curvature of field

T S S
| | at Tele at Tele at Wide at Wide
Method 3 0.178  -0.110 0.159 —0.063
Method 4 —2.00 —0.589 —1.281 —0.363
TABLE 3
Axial comatic aberration |
Tele Wide
Method 1 0.0121 0.0076
Method 2 0.0022 0.0024
Method 3 0.0091 0.0061
Method 4 —0.046 —(0.047
- TABLE 4
f= 359~131.5 ___Fnp 3.608-4.56
Radius of Refractive Abbe
Curvature Distance Index Number
ry 155.12197 | |
dy 2.20000 Ni 1.80518 vy 25.43
rp  351.21901
d> 7.10000 N> 1.51680 vy #4.2
ry —287.11129
dy 0.15000
rqg 50.29700
ds 4.50000 Nj 1.77250 vy 49.77
rs 309.92376 |
| ds 0.823~27.032
re 100.68405 .
de 1.30000 Ny 1.75450 vyq4 51.57
r7 15.88500 |
d? 4.15000
rg -—96.11900
dg 1.20000 N5 1.69680 vs 56.47
rg 44.32400
dg 0.15000
rig 24.65600
dig 2.70000 Ng 1.84666 vg 23.8
ri; 347.43575
dyp 1.60000
ry2  — 30.04900
dyz 1.10000 N+ 1.61800 v7 63.39
ri3 289.43560
diz 18.996~ 1.1
ri4 c (chaphragm)
dis 1.24000
ris 28.90098%
dis 2.40000 Ng 1.51680 vg 64.2
rig —352.11400
dig 0.15000
ri7 35.73900
dy7 4.20000 Ng 1.54072 vg 47.2
rig —35.73900 -
dig 1.20000 Nip 1.75520 vy 27.51
ri9 214.30806
| dijo 9.041~0.728
30 33.16100
dao 3.18000 Ni11  1.60342 vy 38.0
ra1 240.26910 |
| dsy 7.47000
ryy - 85.75998
dy> 4.55000 Ni2  1.80741 vy» 31.59
r23  30.60800 .
d>3 1.94000
124 —196.06305
dyg 3.00000 Nij3 1.51680 vis 64.2
s —29.78300 | -
das 0.20000
r7¢ 38.45200 -
dre 4.20000 Nia 151742 vy4 52.2
r37 — 166.69500 | -

In the above-mentioned embodiment, a zoom lens

system 1s disclosed. However, the moving method of
the deflecting lens group is also applicable to a single
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focal length lens system. In this case, the lens system is
required to comprise, from an object-side to an image-
side, a first lens unit having a positive refracting power,
a second lens unit having a negative refracting power, a
third lens unit having a positive refracting power, a
fourth lens unit having a positive refracting power, and
a diaphragm E disposed in the third unit.

At least one lens element of the third lens unit dis-
posed at the image-side relative to the diaphragm E is
designed as a deflecting lens group to stabilize a blurred

image caused by camera-shake. The deflecting lens
group moves slightly in a circular orbit round a prede-

termined central point on an optical axis of the lens
system. |

The lens system fulfills the following condition:

0.2< |x/f| <3.5 (4)
wherein

X represents a distance between an apex of an object-

side surface of the deflecting lens group and the
central point for a movement of the deflecting lens
group,

f represents a focal length of the lens system.

The condition (4) is for defining a balance of a “slant
decentering” amount relative to a “parallel decenter-
ing” amount of the deflecting lens group. If the distance
X 1s too long or too short, an appropriate “slant decent-
ering’” amount can not be obtained, and therefore the
aberration due to the “paralle]l decentering’ can not be
adequately corrected. |

In other words, the condition (4) is directed to a
standardization of the distance y by the focal length of
the entire lens system. Accordingly, the upper limit of
the condition (4) is exceeded, the aberration due to the
“paralle]l decentering™ is not adequately corrected. On
the contrary, the lower limit is exceeded, the correction
of the aberration is excessively performed.

The lens system further can fulfill the following con-
dition;

6< |f4/Fa] <32 (5)

wherein
f4 represents a focal length of the deflecting lens
group, and
Fa represents the minimum F number of the zoom
lens system at a longest focal length condition.

0.2< |x/fr] <3.5 (6)

6<[f4/FNj<32 (7)
wherein

X represents a distance between an apex of an object-

side surface of the deflecting lens group and the
central point for a movement of the deflecting lens
group, and

frrepresents a focal length of the zoom lens system at

a longest focal length condition.

f4 represents a focal length of the deflecting lens

group, and

Fn represents the minimum F number of the zoom

lens system at a longest focal length condition.

What 1s claimed is:

1. A zoom lens system which comprises a plurality of
lens elements comprising a first lens unit having a posi-
tive refractive power, a second lens unit having a nega-
tive refractive power, a third lens unit having a positive
refractive power, and a fourth lens unit having a posi-
tive refractive power, said zoom lens system perform-
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Ing a zooming operation by shifting at least one lens unit
so that a distance between the shifted lens unit and an
adjacent lens unit varies, and said zoom lens comprising
a deflecting lens group to stabilize a blurred image at a
focal plane, said deflecting lens group moving slightly
In a circular orbit around a predetermined point on an
optical axis of the lens system, resulting in said deflect-
ing lens group being decentered with respect to the
optical axis of the lens system and, at the same time, an
optical axis of said deflecting lens group is inclined
relative to the optical axis of the lens system, and the
following condition is fulfilled:

04< |fA/fT| <]

wherein fA represents a focal length of the deflecting
lens group, and fT represents a focal length of the zoom
lens system at a longest focal length condition.

2. A zoom lens system according to claim 1 which
fulfills the following condition:

0.2< Ix/fr| <3.5

6<|f4/FN] <32

wherein
X represents a distance between an apex of an object-
side surface of the deflecting lens group and the
predetermined point for a movement of the deflect-
ing lens group, and
frrepresents a focal length of the zoom lens system at
a longest focal length condition.

f4 represents a focal length of the deflecting lens

group, and

Fn represents the F number of the zoom lens system

at a longest focal length condition.

3. A zoom lens system according to claim 1 further
comprising a diaphragm in at least one lens unit,
wherein the deflecting lens group is disposed at the
image-side relative to the diaphragm.

4. A zoom lens system according to claim 3, wherein
both the diaphragm and the deflecting lens group are
included in a third lens unit.

5. A zoom lens system comprising, from an object-
side to an image-side, a first lens unit having a positive
refracting power, a second lens unit having a negative
refracting power, a third lens unit having a positive
refracting power which includes a diaphragm and a
fourth lens unit having a positive refracting power, in
response to the zooming operation performed from a
shortest focal length condition to a longest focal length
condition, a distance between a first lens unit and a
second lens unit is decreased and a distance between a
second lens unit and a third lens unit is increased, and at
least one lens element disposed at the image-side rela-
tive to the diaphragm composing a deflecting lens

- group, to stabilize a blurred image at a focal plane, said

deflecting lens group moving slightly in a circular orbit
round a predetermined point on an optical axis of the
lens system, and the following condition is fulfilled:

0.2< {x/fr| <3.5

wherein
X represents a distance between an apex of an object-
side surface of the deflecting lens group and the
point for a movement of the deflecting lens group,
and |
frrepresents a focal length of the zoom lens system at

a longest focal length condition.
* % * ¥ *
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